Abstract. Protease-activated receptor 1 (PAR-1) is a G-coupled membrane protein, which is involved in physiological and malignant invasion processes. It is activated by serine proteases such as thrombin through a unique form or by specific synthetic peptides. In this study, we determined the expression of PAR-1 in five nasopharyngeal carcinoma (NPC) cell lines with different characteristics of invasiveness and metastasis, and found that the levels of PAR-1 expression were higher in invasive or metastatic cell lines than those in low invasive or metastatic ones. Of the five NPC cell lines, CNE1-LMP1 cells had the highest expression levels of PAR-1, which was mainly distributed at the membrane and in the cytoplasm of tumor cells. Further study showed that the thrombin receptor synthetic activating peptide SFLLRN could stimulate the growth of CNE1-LMP1 cells in a dosedependent manner. However, thrombin itself had a dual effect on the proliferation of NPC cells. Concentrations of thrombin in the range of 0.1-0.5 U/ml promoted cell growth, but concentrations higher than 0.5 U/ml impaired cell growth. Moreover, thrombin and SFLLRN also enhanced the invasive capabilities of CNE1-LMP1 cells in vitro, and this was partly due to enhancing the activities of MMP-2 and MMP-9. Our findings suggest that PAR-1 may contribute to the growth and invasive potential of NPC cells.
Introduction
Coagulation disorders have been widely described in various cancer patients. Many studies have found that malignant cells could activate the coagulation system and create a hypercoagulable state, and in turn a variety of active molecules of coagulation system could contribute to pathogenesis of carcinoma (1) (2) (3) . Thrombin is one of these active molecules (4) .
Thrombin is a multifunctional serine protease involved in a variety of biologic function, including blood coagulation, platelet aggregation, and cell proliferation (5) . These effects of thrombin were achieved mainly through thrombin receptors on the cell membrane. Protease-activated receptor 1 (PAR-1), also known as thrombin receptor 1, which is one of the major thrombin receptors, mediates at least partly biological effects of thrombin. Human PAR-1 gene is located on chromosome 5q13 and encodes a 66-kDa single polypeptide that belongs to the superfamily of the G protein-coupled receptors. However, unlike other cellular membrane receptors, PAR-1 does not simply form a ligand-receptor complex for activation. Instead, the receptor binds serine proteases such as thrombin serves as a substrate for proteolytic cleavage between the Arg41 and Ser42 residues in its N-terminal extracellular domain, and the tethered ligand functions as a new receptor agonist resulting in an irreversibly activated form of cell surface protein and transducts a substantial network of signaling pathways. In addition to proteolytic activation, PAR-1 can also be activated by synthetic peptides designed corresponding to its tethered ligand, and this is independent of receptor proteolysis (6, 7) .
Apart from its physiological function role in thrombosis, inflammation and vascular biology, up to now, accumulating evidence suggests that PAR-1 plays an important role in tumor growth and metastasis (8) . It has been reported that PAR-1 was expressed highly in many types of cancer, such as breast cancer (9) , malignant melanoma (10), prostate cancer (11) , colon cancer (12) , lung cancer (13) , oral squamous cell carcinoma (14) , esophageal cancer (15) , and renal cell carcinoma (16) . Early study by Even-Ram et al (9) demonstrated that PAR-1 expression levels were correlated with degree of invasiveness in both primary breast tissue specimens and established cancer cell lines. Further study indicated PAR-1 was both required and sufficient to promote growth and invasion of breast carcinoma cells in a xenograft model (17) . Similar conclusion was also reached in human prostate cancer (11, 18, 19) . In human colon cancer cells, aberrant expression and activation of PAR-1 could induce cell proliferation, matrix adhesion, motility and migration (12, 20) . Furthermore, the in vitro study demonstrated PAR-1 was also a rate-limiting factor for the process of thrombin enhanced experimental pulmonary metastasis from a mouse melanoma cell line (21) . The PAR-1 function in malignancy is additionally supported by the identification of PAR-1 gene as a potent oncogene in a cDNA expression library screen for genes that induce focus forming activity and tranformation in NIH-3T3 cells (22) . Moreover, more recent studies showed that PAR-1 expression was closely associated with the clinical stage of cancer patients and thus PAR-1 might be a negative indicator of prognosis for cancer patients (23) (24) (25) (26) . Nasopharyngeal carcinoma (NPC) has a high incidence in China, and the significant alteration of blood coagulation pathway has been observed in NPC patients (27) . In addition, our previous study indicated PAR-1 was expressed highly in NPC tissue (28) . But so far, the role of PAR-1 and thrombin in NPC is barely known. This study aimed to determine PAR-1 expression levels in five different NPC cell lines and to explore the potential function of PAR-1 and thrombin in NPC cells.
Materials and methods
Cell lines and cell culture. The five NPC cell lines (CNE1, CNE1-LMP1, CNE2, SUNE1-5-8F and SUNE1-6-10B) were obtained from Xiang Ya Central Experiment Laboratory, Central South University (Changsha, China). They were chosen because of their varying characteristics of invasiveness and metastasis. CNE1 is a well differentiated cell line. CNE1-LMP1 is a cell line which was stably transfected with the gene of latent membrane protein-1 (LMP1), and it has been confirmed to be more invasive and metastatic than CNE1 cell line (29) . CNE2 is a poorly differentiated cell line. SUNE1-5-8F cell line has high tumorigenic and metastatic potential. In contrast, SUNE1-6-10B cells possess low tumorigenicity and lack metastatic capability (30) . The cells were cultured in RPMI-1640 medium (Gibco, Rockville, USA) supplemented with 10% newborn calf serum (Gibco) in a humidified atmosphere of 5% CO 2 at 37˚C.
RNA isolation, cDNA synthesis and relative quantitative realtime PCR. The total RNA from five different NPC cell lines was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions and stored at -70˚C. cDNA was synthesized from 2 µg of total RNA using ReverTra Ace™ kit (Toyobo, Osaka, Japan). The following primer sequences were used in real-time PCR: the PAR-1 gene sense: 5'-AAATGAAGGTCAAGAAGCCG-3', and anti-sense: 5'-CAAACTGCCAATCACTGCC-3'; the β-actin gene sense: 5'-TCACCCACACTGTGCCCAT-3', and anti-sense: 5'-ATGTCACGCACGATTTCCC-3'. β-actin was used as a control. Real-time PCR assay was conducted with a Mx3000P thermocycler (Stratagene, La Jolla, CA, USA) using a 25 µl reaction volume consisting of 10 µl of SYBR-Green Real-time PCR Master Mix (Toyobo, Osaka, Japan), 0.8 µl of 10 µM primers (each), 2 µl of cDNA and 6.4 µl of sterile milli-Q water. And reaction conditions were as follows: an initial incubation at 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec, 60˚C for 20 sec and 75°C for 15 sec. 2 -∆∆Ct method was used to analyze relative expression levels of PAR-1 mRNA, which was previously described by Livak and Schmittgen (31) .
Protein extraction and western blot analysis. The cells were harvested by scraping cells from culture dishes and then collected by centrifugation. The cells were lysed in RIPA buffer (10 mmol/l Tris, pH 7.4; 150 mmol/l NaCl; 1% Triton X-100; 1% deoxycholic acid; 0.1% SDS; 5 mmol/l EDTA, pH 8.8; 1 mmol/l PMSF; 10% protease inhibitor cocktail; 1% dithiothreitol) for 30 min at 4˚C. The lysates were subjected to centrifugation at 12,000 rpm at 4˚C for 30 min. The protein concentration was measured using BCA assay according to the manufacturer's instructions (Beyotime, Shanghai, China). Fifty micrograms of total protein for each sample were separated by 10% gradient SDS-PAGE and then transferred onto polyvinylidene difluoride membrane (Millipore, Billerica, MA, USA) for western blot analysis. Each membrane was subsequently blocked with 5% dry no-fat milk in TBS-T (Trisbuffered saline and 2.5% Tween-20) and then incubated with primary antibodies (Santa Cruz Biotechnology, Santa Cruz CA, USA). The membranes were washed with TBS-T and incubated with secondary antibodies conjugated with peroxidase, and the signal was detected using the chemiluminescent detection system (Pierce, Rockford, IL, USA) according to the manufacturer's instructions. β-actin protein level was used as a control.
Immunofluorochemistry. CNE1-LMP1 cells were plated on glass coverslips in a 6-well plate (1x10 4 cells per well) and were grown in RPMI-1640 medium containing 10% newborn calf serum for 12-24 h to ensure adherence. Medium was aspirated and the cells were fixed with 4% paraformaldehyde in PBS for 20 min and then rinsed 3 times with PBS (phosphate-buffered saline) for 5 min each time. The fixed cells were permeabilized with 0.1% Triton X-100 (Amresco, Solon, OH, USA) and then rinsed 3 times with PBS for 10 min each time. All the cells were blocked using 4% BSA (bovine serum albumin) in PBS for 1 h, and then rinsed with PBS for 5 min. Primary antibodies, anti-human thrombin receptor mouse monoclonal IgG1, were incubated with the cells overnight at 4˚C. The coverslips were washed 3 times in PBS for 10 min each time and incubated with secondary antibody, goat anti-mouse IgG each conjugated with CY-3 (Proteintech Group Inc., Chicago, IL, USA), for 1 h in the dark at room temperature. Coverslips were washed three times with PBS and then the nuclei were stained with Hoechst (Sigma, St. Louis, MO, USA) for 10 min. Finally the labeled cells were visualized and photographed by a Leica TCS SP2 laser scanning confocal microscope.
Cell growth assay (MTT). CNE1-LMP1 cells were plated at a concentration of 3x10
3 cells/well into 96-well plates in quintuplicate. Twenty-four hours later, the medium was replaced with 1% serum medium containing varying concentrations of thrombin (Sigma) or PAR-1 synthetic activating peptide SFLLRN (synthesized by Wuhan NewEast Biosciences Co., Ltd., Wuhan, China). After incubation for 48 or 96 h, 10 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution (5 mg/ml in PBS) was added to each well, and the incubation was carried out for 4 h. Then the supernatant was discarded, and the crystal products were eluted with 100 µl DMSO (Amresco). A colorimetric evaluation was performed using a spectrophotometer (BioTek, Seattle, WA, USA) at a wavelength of 570 nm. Each experiment was performed three times.
Invasion assay in vitro.
Transwell chambers (Corning, NY, USA) with 8-mm diameter filters were used in this study. Invasion assay was performed as below. In brief, the ECM gel (Sigma) was diluted to the desired final concentration (8-12 mg/ml) with cold distilled water. Then 25 µg ECM gel was applied to each polyvinylpyrrolidone-free polycarbonate filter and dried under a hood as basement membrane. After that each filter with basement membrane was reconstituted with serum-free medium. In the upper compartment of the transwell chamber, we placed 2x10 5 cells suspended in 0.1% serum medium with varying doses of thrombin or SFLLRN. Serum medium (30%) was put into the lower compartment of the transwell chamber as a chemoattractant. Assays were carried out in 5% CO 2 at 37˚C. After 24 h of incubation, the cells on the upper surface of the filter were removed by wiping with a cotton swab. The filters were fixed with cold methanol and then stained with crystal violet. Cells from five different areas of the lower surface were counted under a microscope at the x200 objective. Each assay was performed in triplicate.
Gelatin zymography. CNE1-LMP1 cells were cultured in serum-free medium in the absence and presence varying concentrations of thrombin (0.5, 1.0, 5.0 and 10.0 U/ml) or SFLLRN (10, 100, 200 and 300 µM) for 24 h. Afterward, the supernatants were collected and stored at -70˚C. The concentration of protein in each group was measured by BCA assay. Gelatin zymography was performed in 10% SDS-PAGE that had been cast in the presence of 0.1% gelatin (Sigma). Samples containing 50 µg total protein were prepared in non-reducing loading buffer. After electrophoresis, the gels were washed four times with 50 mM Tris-HCl, pH 7.6, containing 5 mM CaCl 2 , 1 µM ZnCl 2 and 2.5% Triton X-100 for 15 min each time, followed by rinsed twice in washing buffer without Triton X-100 for 20 min each time. The gels were then incubated at 37˚C for 48 h in 50 mM Tris-HCl buffer containing 5 mM CaCl 2 , 1 µM ZnCl 2 and 0.02% Brig-35, pH 7.6. The digestion was terminated, and the gels were stained with 0.1% Coomassie Brilliant Blue R-250, followed by destained with 10% acetic acid and 20% methanol. Then, the gels were observed by Gel-Pro Analyzer.
Statistical analysis. All results were expressed as mean ± SD. Statistical analysis was performed using ANOVA with SPSS 15.0 (SPSS 15.0 Inc., Chicago, IL, USA). A P-value <0.05 was considered as statistically significant. Expression of PAR-1 protein in five NPC cell lines. Next, we detected the expression levels of PAR-1 protein by western blot analysis. As shown in Fig. 2 , CNE1-LMP1 cells had the strongest expression of PAR-1 among all five cell lines. SUNE1-5-8F cells demonstrated higher level of PAR-1 expression than SUNE1-6-10B cells. These findings were similar to the results of real-time PCR analysis. Both of them suggested that more invasive and metastatic NPC cell lines expressed more PAR-1. So, we chose CNE1-LMP1 cell line which expressed the highest PAR-1 protein to complete our further research.
Results

Expression of PAR-
Subcellular localization of PAR-1 in nasopharyngeal carcinoma cells.
To study the subcellular localization of PAR-1 in cultured NPC cells, indirect immunofluorescence study was performed on CNE1-LMP1 cells using the monoclonal antibody directed against PAR-1. Under such experiment conditions, PAR-1 was labeled with CY3 which lighted red when being excited by laser and the blue region represented the location of nucleus. In this way, the distribution of PAR-1 could be clearly demonstrated. From Fig. 3 , we can see receptors are mainly located at the membrane and in the cytoplasm of tumor cells, while little or no distribution in the nucleus. This is in line with other results (32). Concentrations of thrombin in the range of 0.1-0.5 U/ml promoted cell growth, but concentrations >0.5 U/ml impaired cell growth. The inhibitive effect of thrombin on cell growth increased with increasing concentration of thrombin. When the incubation time lasted to 96 h, this dual effect of thrombin on cell proliferation was more obvious (Fig. 4B ). All these results suggested that activated PAR-1 might be involved in proliferation of NPC cells.
Effect of thrombin and SFLLRN on cell invasion in vitro.
To metastasize, cancer cells must penetrate the extracellular matrix and basement membrane to blood vessel. Therefore, we next investigated the potential role of PAR-1 activators on NPC cells invasion using in vitro invasion assay. After being incubated with CNE1-LMP1 cells for 24 h, 50 µM SFLLRN, 0.5 U/ml thrombin and 5 U/ml thrombin significantly increased invasive ability of cells. Compared with control group, the number of cells which invaded through the basement membrane in three experimental group increased significantly (P<0.05), of which the most significant group was 5 U/ml thrombin (Fig. 5) .
Effect of thrombin and SFLLRN on MMP-2/9 activation of NPC cells.
Matrix metalloproteinases (MMPs) are known to be crucial for degrading extracellular matrix components and for promoting tumor cellular invasion in vitro and in vivo. So, we determined whether the increasing effects of thrombin and SFLLRN on the invasion of CNE1-LMP1 cells were due to enhancing activity of MMP-2 or MMP-9. CNE1-LMP1 cells were treated with various concentrations of SFLLRN and thrombin for 24 h, and then the activities of MMP-2 and MMP-9 in the supernatant of cells were detected using gelatin zymography. As shown in Fig. 6 , 0-300 µM SFLLRN had little effect on the activity of MMP-9, and it only had slight effect on the activity of MMP-2 in a dose-dependent manner (Fig. 6A) , but thrombin could significantly increase the activities of MMP-2 and MMP-9 in CNE1-LMP1 cells. MMP-2 activity began to increase significantly at the concentration of 0.5 U/ml thrombin, and was the highest at the concentration of 5 U/ml thrombin. In the group of control and 0.5 U/ml thrombin, MMP-9 activity was undetectable, and in the group of 1 U/ml thrombin we detected very weak MMP-9 activity. However, 5 or 10 U/ml thrombin enhanced MMP-9 activity greatly (Fig. 6B) .
Discussion
PAR-1 has been found to be highly expressed in the invading cytotrophoblasts and many malignant tissues, and it is involved in cell invasion associated with normal embryonic development and tumor metastasis (36, 37) . In our study, we determined expression of PAR-1 in five different NPC cell lines and found that all of them expressed PAR-1 which was mainly located at the membrane and in the cytoplasm of tumor cells. Relative quantitative analysis showed that, compared with SUNE1-6-10B and CNE1, there was stronger PAR-1 protein expression in SUNE1-5-8F and CNE1-LMP1 both of which have been demonstrated to be more invasive and metastatic than SUNE1-6-10B and CNE1, respectively. This result suggested that the level of PAR-1 expression was positively correlated with the potential of invasion and metastasis of NPC cells, and PAR-1 might be involved in the invasion and metastasis in NPC. It is noteworthy that PAR-1 expression level in CNE1-LMP1 cells was significantly higher than that in CNE1 cells. Taking previous studies into consideration that LMP1 could induce expression of another membrane protein EGFR in human epithelial cells (38, 39) , we hypothesized that LMP1 upregulate expression of PAR-1 of NPC cells. However, further study is needed to verify this hypothesis. Function of PAR-1 in cell proliferation seems to be confusing. Many studies confirmed its role in proliferation of various kinds of normal and malignant cells, probably as a result of upregulation of many cell growth factors and inhibition of cell apoptosis by activating a variety of intracellular signal pathways (19, 40, 41) . However, there were a few studies that demonstrated its negative effect in cancer cell growth (42, 43) . In our study, we found PAR-1 activators, thrombin and SFLLRN, could induce proliferation of CNE1-LMP1 cells. The effect of SFLLRN on cell growth was dose-dependent, but thrombin had a dual biphasic effect on proliferation of NPC cells. It promoted cell growth at lower concentrations, and impaired cell growth at higher concentrations. This dual effect of thrombin on cell proliferation has also been found in a variety of cancer cells. However, the concentration range of thrombin which promoted or inhibited cell growth was different (14, 43) . This might be the cause of cell type variations in the PAR-1 level, which consequently affects the signaling transduction network. However, the mechanism how thrombin impaired the cell growth is not yet entirely clear. We speculate that the following partially explain the mechanism. Firstly, when these receptors are activated by either thrombin or SRLLRN, they undergo homologous desensitization and internalization. Most internalized receptors are ultimately degraded in lysosomes, and approximately 25% of them return to the cell surface. These recycled receptors are in a state in which they can respond to SFLLRN, but not thrombin (44) . When the cells are incubated with low concentrations of thrombin, although there are PAR-1 internalized from the cell membrane, the receptors stored in cytoplasm and newly synthesized are transferred to the cell surface to offset the loss of PAR-1. Such a process keeps the PAR-1 levels on the cell surface at a dynamic equilibrium. Thrombin promotes cell proliferation in this condition. When cells are incubated with higher concentrations of thrombin, consumption of PAR-1 is much larger than the regeneration of PAR-1 on the cell membrane, which leads to low level of PAR-1 on the cell surface for a long time. This situation is similar to downregulation of PAR-1, which could impair cell proliferation (40) . Because SFLLRN can reuse the recycled PAR-1, it does not show inhibition of cell proliferation. Another explanation is that thrombin can cleave the extracellular domain of PAR-1 at three separate sites, Arg41, Arg46 and Arg70, but the activation of the receptor requires only the cleavage at Arg41, while that of the two other sites does not cause receptor activation. Low dose of thrombin produces cleavage at Arg41, while higher dose of thrombin may cleave three sites, thus resulting in less biological effects than low dose of thrombin (45) . Interestingly, in non-malignant tissues, the level of prothrombin in serum ranges from 0.1 to 0.5 U/ml (42) , which is exactly the concentration rang of thrombin that enhances the proliferation of NPC cells. Therefore, we deduce that the dual effect of thrombin on NPC cells may be the results of cancer cell adaptation to the internal environment of the human body.
PAR-1 was able to induce invasion of breast cancer cells (46) , melanoma cells (47) and gastric cancer cells (48) in vitro, and it was also reported to be a rate-limiting factor in thrombin-enhanced experimental pulmonary metastasis from a mouse melanoma cell line (21) . In nasopharyngeal carcinoma, our results indicated that thrombin and SFLLRN could significantly increase invasive ability of CNE1-LMP1 cells. This effect of thrombin might be partly due to increase of MMP-2/9 activities. Further research showed that thrombin could significantly enhance the activities of MMP-2 and MMP-9 in CNE1-LMP1 cells. However, SFLLRN had little impact on the activity of MMP-9, and 50 µM SFLLRN only slightly increased the activity of MMP-2. So, SRLLRN might induce NPC cells invasion through another mechanism. For example, it has been reported that PAR-1 activating peptide promoted tumor cells adhesion to extracellular matrix components and then induced invasion of cells (47) . The difference of thrombin and SFLLRN on MMPs activities demonstrated other signaling pathway must be responsible for thrombin function in NPC cells. Besides PAR-1, there are other thrombin receptors on cell membrane of many types cells, and thrombin might exert its effect through these receptors (16, 49) .
In conclusion, our results demonstrated for the first time different expression levels of PAR-1 in nasopharyngeal carcinoma cell lines, and expression level of PAR-1 was positively associated with the metastatic potential of NPC cells. Further research indicated PAR-1 activation contributed to NPC cell proliferation and invasion in vitro, and increased activities of MMP-2 and MMP-9 to some extent. Based on our data and other results that PAR-1 could function as an oncoprotein that transformed fibroblasts in vitro, we speculate that PAR-1 might play an important role in the progression of NPC.
